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State of Connecticut, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us 3 and the method by which it is to be per- 
formed, to be particularly described in and by 
the following statement: — . 

This invention relates to the analysis of mix- 
tures by the passage of radiation therethrough 
for the purpose of determining the amount of 
a component, referred to as the component 
"of interest present in a mixture with at 
least one other component, referred to as the 
"interfering" component, having radiation 
absorption bands overlapping those of the com- 
ponent cf interest, More particularly, the 
20 invention is concerned with a novel analyzer, 
which embodies the invention disclosed in our 
British application No. 15890/52 filed June 
24, 1952 (Serial No. 756,729), and is an 
improvement on the instrument disclosed in 
25 mat application in numerous respects. 

The instrument of our abovementioned 
British application makes use of two beams for 
reference and analysis purposes, respectively, 
and, as a result, unequal energies are trans- 
30 mitted to the detector by the two beams as an 
inherent characteristic of the instrument. In 
order to avoid the production of a zero signal 
because of the unbalanced energies acting 
upon the detector, the instrument utilizes a 
third beam of radiation falling upon the 
detector coincidentally with the weaker of the 
first two beams and so regulated in intensity 
as to null the detector, when the mstrument 
is set up for operation with the sample cell 
empty. , 

The instrument of the invention employs 
three beams of radiation, as disclosed in our 
abovementioned British application, and 
includes a number of novel features, which 
45 facilitate its construction and operation The 
new mstrument may make use of radiation or 
different kinds, but, since it is particularly 
adapted for infrared use, a form of the mstru- 
ment, in which such radiation is utilized, will 
bt illustrated^ and described in detail. 
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broken away of one form of the instrument 55 
embodying the inventiort 

Figure 2 is a vertical sectional view on the 
line 2—2 of Figure 1. ■ 

Figure 3 is a horizontal sectional view on 
the line 3 — 3 of Figure 2. 60 

Figures 4 and 5 are sectional views on the 
lines A — 4 and 5—5, respectively, of Figure 3. 

Figure 6 is a sectional view on an enlarged 
scale on the line 6 — 6 of Figure 3. 

Figure 7 is a diagrammatic view illustrating 65 
the positioning of the milling ixhnmer. 

Figure 8 is a perspective view showing the 
sample cell and its .mounting. 

Figure 9 is a sectional view on the line 9 — 9 
of Figure 8. 

Figure 10 is a sectional view with parts 
broken away on the line 10 — 10 of Figure 3. 

Figure ll is a sectional view on the line 
11—11 of Figure 3. 

Figure 12 is a schematic longitudinal sec- 
tional view through the detector of the mstru- 
ment. 

Figure 13 is a view partly m plan and 
partly in section on the line 13 — 13 of Figure 
14 of a modified form of the mstniment; and 
Figure 14 is a sectional view on the line 
14_14 of Figure 13- 

The instrument illustrated in the drawings 
comprises a base 20, which has a flat top sup- 
ported on a skirt and may be made of a suit- 
able material, such as cast duminium. The 
base has a longitudinal centering rib 21 on its 
top surface, by which various parts of the 
instrument may be readily aligned- 

On top of the base near one end is mounted 90 
a housing 22, which may take the form of a 
metal block channeled to receive rib 21, and 
the housing is provided with passages 23, 24, 
and 25 for radiation, which extend divergently 
through the block from an entrance opening 95 
in the outer face of the block. The passages 
23, 24, and 25 form parts, respectively, of an — 1 
analysis path A, a reference path R, and a 
nulling path N, and the axes of passages 23, 25 
lie in a horizontal plane, while passage 24 is 100 
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inclined upwardly in a central vertical plane 
between passages 23 and 25. 

The radiation traveling through passages 
23, 24, 25 is emitted by a source, which may 
5 be any of the usual sources of the radiation to 
be used. In the instrument illustrated, in 
which the radiation is infrared, the source is 
a heated spiral filament 26 made of a suitable 
metal. The filament lies within a cavity 27 
10 in a metal housing 28, which is secured to 
block 22 by bolts 29 with the opening into 
the cavity registering with the entrance open- 
ing in the block , The face of the housing 
engaging the end of the block is formed with a 
15 channel encircling cavity 27, and a ring 30 
of insulating material is mounted in the chan- 
nel. The ring may be made of various 
materials but is preferably formed of a kind 
of soap-stone, which has the characteristic 
20 that, as obtained, it is readily machineable but, 
upon being heated to the proper temperature, 
becomes extremely hard. Before insertion in 
the cavity, the ring 30 is given the desired 
shape and is drilled to provide a number of 
25 radial passages, in which are mounted wires 31, 
which are held in place within the passages by 
a suitable cement. The inner ends of the 
wires 31 are bent to engage convolutions of 
the filament 26 and provide supports therefor. 
30 Leads 32 extend from the end of the filament 
through radial passages formed in ring 30 and 
out through an opening in* the wall of housing 
28. The inner wall of the cavity 27 is pre- 
ferably of spherical configuration and the sur- 
35 face is highly polished for good reflection. 

The ends of passages 23, 24, 25 remote 
from the housing 28 are closed by windows 33 
lying at the corners of an isoceles triangle 
having its base horizontal. The windows 33 
40 are secured in place against the inner face of 
block 22 and he within openings in a plate 
34 of heat insulating material held against the 
inner face of block 22 by a plate 35 secured 
to the block by screws 35a passed through 
45 openings in the block and plate 34 and 
threaded into plate 35. The plate 35 is pro- 
vided with a number of openings and a simi- 
lar plate 36 is mounted on the base at a dis- 
tance inward from plate 35 and has openings 
50 aligned with certain of those in plate 35. The 
plates 34, 35, and 36 are channeled to receive 
rib 21. 

A sensitizing cell 37 in the analysis path A 
(Figure 3) is mounted in openings in plates 

55 35, 36, in alignment with the end of passage 
23 in housing 22, and cell 37 comprises a metal 
tube 38 closed at opposite ends by windows 
39, 40. The cell has a gas inlet 41 provided 
with a valve 42. 

60 A compensating cell 43 in the reference 
path R (Figure 2) is mounted in openings in 
plates 35, 36 in position to receive radiation 
traveling through passage 24, and the cell 43 
comprises a metal tube 44 closed at opposite 

65 ends by windows 45, 46. The compensating 



cell is provided with a gas inlet 47 containing 
a valve 48. 

A cell 49 in the nulling path N (Figure 3) 
lies in alignment with the inner end of passage 
25 through housing 22 and one end of the 70 
cell is supported in an opening in plate 35. 
Cell 49 comprises a metal tube closed at oppo- 
site ends by windows 50, 51 and the cell is 
provided with a gas inlet 52 having a valve 53. 

The windows 39, 45, and 50 at the outer 75 
ends of cells 37, 42, and 49, respectively, are 
separated from windows 33 at the inner ends 
of passages 23* 24, 25 to provide a space for a 
chopping disc 54. Hie disc may be opaque to 
the radiation travelling along the three paths 80 
made of a* material transmitting radiation of 
certain wave-lengths. The disc has the form of 
a pair of quadrants separated by simile cut- 
outs, and it is mounted on a shaft 55 (Figure 
2) and carries a sprocket wheel 56 driven 85 
through a toothed belt 57 by a pinion 58 on 
the shaft of a motor 59 secured to the under- 
surface of the base within the skirt. The shaft 
55 may be mounted in conventional bearings, 
but is illustrated as being the shaft of a gener- 90 
ator 60 producing a signal utilized in a phase- 
sensitive rectifier, to which the amplified 
phase-sensitive signal produced by the detector 
of the iristrument is supplied. 

Generator 60 is mounted on a slide 61 95 
(Figures 2, 4), which is movable horizontally 
on the base between guides 62 attached to 
plate 35 and the generator is held in place on 
the slide by clips 63 (Figure 11) attached to 
the slide and engaging a rib 64 encircling the 100 
casing of the generator. The axis of shaft 55 
of the generator lies in a horizontal plane 
through the axes of the sensitizing cell 42 in 
the analysis path and cell 49 in the nulling 
path and the slide may be moved horizontally 105 
by an adjusting screw 65 (Figure 11) mounted 
in a bracket 66 rigidly attached to the base. 

In the operation of the instrument, the 
chopping disc 54 alternatively cuts off or filters 
ten radiation traveling along the three paths 110 
and then passes such radiation, the analysis 
and nulling beams being chopped in unison 
and the reference beam being chopped out of 
phase with the other two. The phase relation- 
ship between the chopping of the analysis and 115 
nulling beams and the chopping of the 
reference beam can be regulated by slnfting 
the axis of rotation of the chopping disc 54 
transversely in its horizontal plane, as will be 
apparent from Figure 5. Movement of the axis 120 
of disc 54 horizontally varies the tirning of the 
chopping of the reference beam R but does 
not change the timing of the chopping of the 
analysis beam A or the nulling beam N. The 
horizontal movement of disc 54 can be effected 125 
by shifting the slide 61 by uV screw 65 in 
bracket 66 on the base. 

The end of cell 49 closed by window 51 ht 
supported in an opening in a plate 67 rigidly 
attached to the base, and, between the planes 130 
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of the opposed faces of plates 36 and 67, a 
pair of plates 68, 69 (Figures 4, 8) are pivot- 
ally mounted at their lower ends on plate 36 
and on a bracket 67a attached to the base. Each 
i of the plates 68, 69 has a foot 70 resting on 
top of the base and a channel, to receive rib 
21, and each foot 70 is provided with a handle 
71, by which the plates can be swung to the 
dotted line position shown in Figure 4. A two- 
10 part sample cell 72 is mounted rn openings in 
plates 68, 69 with one part of the cell lying in 
the analysis path A and the other in the 
reference path R. Each part of the cell 72 com- 
prises a metal tube 73 closed at one end by a 
15 window 74 and at the other by a window 75. 
The part of the cell in the reference path is 
provided with a gas inlet 76 containing a valve 
77 and the part of the cell in the analysis path 
has a gas outlet 78 provided with a valve 79. 
20 The inlet and oudet lie near one end of the 
sample cell and, at the opposite end^ the two 
parts of the cell are connected by a connection 
80. The inlet, oudet, and connection are 
removable, so that the two parts of the cell 
25 may be slid endwise from plates 68, 69. 

The windows used at the ends of the cells 
and elsewhere in the instrument may be held 
in place in any suitable way, as by cementing, 
but it is desirable that the windows closing the 
30 ends of the two parts of the sample cell be 
removable, so that the interior oi the cell can 
be cleaned from time to time. For this purpose, 
the sample cell windows are held in place as 
illustrated in Figure 9 in connection with 
35 window 75. As shown, the end of tube 73 
closed by window 75 is cut away internally 
and externally to form a neck 81, which is 
externally threaded. The internal diameter of 
the neck is somewhat greater than the diameter 
40 of window 75 and, at the .base of the neck, 
tube 73 is provided with an internal shoulder, 
on which is seated a fiat gasket 82. The gasket 
is made of a material impervious to gases and 
vapors and resistant to corrosion, a typical 
45 example of a material suitable for the purpose 
being the tetrafluoroethylene polymer sold 
commercially under the name " Teflon A 
collar 83 with an internal flange 83a is 
threaded on neck 81 and the flange 83a has an 
50 internal diameter less than the diameter of the 
window and is undercut to form a seat for a 
gasket 84 made of the same material as gasket 
82. Gasket 84 bears on the outer face of the 
window End, when the collar 83 is threaded 
55 in place on neck 81, the window is held firmly 
in position between gaskets 82, 84 and is free 
to expand without contact with the inner sur- 
face of collar 81. By swinging the plates 68, 
69 to the dotted line position shown in Figure 
60 4, the two parts of the sample cell are removed 
from the analysis and reference paths and, by 
unscrewing collars 83, the windows may be 
removed from the ends of the tubes 73 of the 
cell, so that the interior of the tubes can be 
45 cleaned. 



Radiation issuing from the sample cell 72 
and cell 49 enters passages in a housing 85 
mounted on the base against the outer side of 
plate 67 and lying close to the end of the 
sample cell, the housing being channeled to 20 
fit over rib 21. The housing may take the form 
of a block of metal similar to the block, of 
which housing 22 is made, and housing 85 is 
provided with, three passages 86, 87, and 88 
converging to an outlet opening in the outer 25 
face of the block. The inner ends of the pas- 
sages are closed by windows 89 (Figure 3) and 
the inner end of passage 86 is aligned with the 
end of the part of sample cell 72 lying in the 
analysis path A, while the inner end of passage gO 
87 is aligned with the end of the other part 
of the sample cell in the reference path K The 
inner end of passage 88 is aligned with cell 49 
in the nulling path N. The housing 85 may 
serve as a filter cell, as hereinafter explained, 85 
and, for this purpose, it is provided with an 
inlet 90 leading into passages 86, 87, and 88 
and having a valve 91. 

The windows 89 in housing 85 are separated 
from the ends of cell 49 and of the two parts 90 
of the sample cell, and the inner face of the 
housing is cut away to provide space for 
trimmers (Figure 4), by which the amount of 
radiation traveling along the analysis, 
reference, and nulling paths can be regulated. 95 
Each such trimmer comprises a plate 92 
attached to adjusting screw 93 extending 
through a bracket attached to housing 85. The 
screw carries nuts 94 above and below the 
bracket, so that the plate 92 can be raised and 100 
lowered and then locked in position. Each 
plate 92 has a concave lower end of a radius 
of curvature equal to the inner radius of the 
• path, in which the trimmer is mounted. 

The radiation issuing from passages 86, 87, 105 
and 88 through housing 85 enters a housing 
95 (Figure 12) containing elements of a 
detector. Detectors of various kinds appro- 
priate for the radiation employed in the instru- 
ment may be used. 110 

The housing 95 of the detector is made of a 
metal block 96, which is secured to the outer 
face of housing 85 and is formed to provide a 
central chamber 97 aligned with the oudet 
opening in housing 85 and closed at the oudet 115 
opening by a window 98. A pair of outer 
chambers 99, 100 are formed in the block on 
opposite sides of chamber 97 and are closed 
by plates 101. The chambers 97, 99, 100 may 
be formed by boring the block, in which case 120 
the chambers are circular in section. 

Each of the chambers 99 and 100 contains 
an electrical condenser having a fixed plate 
and a movable plate and, as the condensers are 
alike, only the condenser within chamber 99 125 
will be described. The condenser comprises a 
circular plate 102 secured against the wall of 
the central chamber 97 and having a peripheral 
flange defining a concavity 102a in its outer 
face, A thin flexible metallic membrane 103 130 
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is secured against the face of the flange to 
cover the concavity and the diaphragm forms 
the movable plate of the condenser. The con- 
cavity is connected through openings 104 in 
5 plate 102 and an owning 105. in the wall of 
chamber 97 to the interior of the chamber. 
The concavity is also connected, by capillary 
ducts 106 through the flange on plate .102 to 
the interior of the chamber, within which the 

10 plate is mounted. The fixed element of the 
condenser comprises a circular metallic plate 
107 mounted on an abutment member 108 
supported within chamber 99 in any suitable 
manner and facing and insulated from mem- 

15 brane 103. 

The membranes 103 of the condensers in 
chambers 99 and 100 are connected together, 
preferably by being grounded as indicated at 
109, and the fixed plates 107 of the condensers 

20 are connected together by line 110. 

The chambers 97, 99, and 100 of the 
detector are connected by a passage 111, which 
can be shut by a valve 112 to cut off the 
chambers from one another. A passage 113 

25 leads to the interior of the valve 112 and a 
gaseous filling for the chambers may be sup- 
plied through the passage 113 by a line 114 
containing a valve 115. If desired, the outer 
chambers 99 and 100 may be connected 

30 through a passage 116 of substantial cross- 
section* 

In the instrument, the amount of energy 
transmitted along the fulling path N is adjus- 
ted by means of a Trimmer (Figure 6), which 

35 comprises a flat metal annulus 117 having a 
radial arm US fast on the shaft 119 extending 
through the annulus and supported for rota- 
tion in bearings on a bracket 120 attached to 
the top of the base. The annulus is of much* 

40 greater diameter man the window 33 at the 
end of the nulling pasage 25 in block 22 and 
the window 50 at the adjacent end of cell 49, 
and the shaft 119, is so mounted that part of 
the annulus lies between the windows 33, 50 

45 and in the path of the nulling beam. The 
annular strip varies in width, from a minimum, 
to a maximum and its lateral edges are sym- 
metrical with respect to a circle C, which is 
concentric with the axis of shaft 119. Hie shaft 

50 carries a gear 121 driven by a pinion 122 on 
the shaft of a motor 123 attached to the bottom 
of the base within the skirt and the motor may 
be driven in response to the output of the 
detector. 

55 In order that the portion of the annulus 117 
effective at any time to intercept radiation 
traveling along the nulling path_ may lie 
approximately centrally with irespect to the 
nulling beam, the annulus is disposed as indi- 
: $0 cated diagrammatically in Figure 7. In that 
figure, the line D is a diameter of the nulling 
beam issuing through window 33 and lies at 
right angles to a line L passing through the 
center of the beam and the axis of rotation of 
£5 shaft 1.19/ThelineCais thearc of a circle of. 



the same diameter as circle C and intersects 
diameter D at its ends. The trimming annulus 
is then so disposed in relation to the beam issu- 
ing through window 33, that the circle C on the 
annulus intersects line L between the inter- 70 
sections of that line with diameter D and with 
circle Ca. Circle C thus intersects diameter D 
near the ends thereof. In order that the 
annulus may be accurately positioned: to pro- 
duce the desired effect, bracket 120 is attached Z5 
to the base by slot and bolt connections, so that 
it can be shifted in a direction transverse to 
shaft 119. 

The surfaces defining the radiation path in 
the instrument are highly polished for multiple 80 
reflections and should be maintained in such 
condition for proper functioning of the instru- 
ment. As the sample may contain constituents 
which attack or cause discoloration of the inner 
surfaces of the sample cell, this cell must be 85 
cleaned from time to time. When the sample 
has such characteristics, the use of the two- 
part sample cell 72 may lead to inaccuracies in 
measurement because of differences in reflec- 
tion from the inner surface of the two parts of 90 
the two parts of the cell, and, under such con- ... , - 
ditions, it is desirable to employ the instru- 
ment of modified construction shown dia- 
grammatically in Figures 13 and 14. 

The modified instrument includes a housing 95 
22 1 containing passages 23 1 , 24 1 , and 25 1 for 
radiation emitted by source 26 1 in housing 
28 1 . Passages 23 1 , 7A\ and 25 1 form parts, 
respectively, of an analysis path A 1 , a reference 
path R l , and a nulling path N 1 , and the pas- 100 
sages are closed at their ends remote from 
the source by windows 33 1 . A sensitizing cell 
37 1 , which is similar to cell 37* and a corn-pen^ 
sating cell 43\ which is similar to cell 43, lie in 
the analysis and reference paths, respectively, 105 
beyond the windows 33 K A sample cell 124 
lies beyond cells 37 1 and 43 1 , and the sample 
cell is of funnel-shape and provided at- one 
end with windows 125, 126 lying in line, res- 
pectively, with the adjacent windows at the 110 
ends of cells 37 1 and 43\ At its other end, the 
cell 124 has a single opening closed by a 
window 127. The sample cell is provided at 
one end with an inlet 128 haying a valve 129 
and at the other end with an outlet 130 having 115 
a valve 131. A housing 132 lies beyond the 
end of the sample cell and is formed by two 
converging passages 133, 134 closed by win- 
dows. Sample cell 124 directs radiation into 
passage 133 through window 127 and the radi- 120 
ation traveling along the nulling path from 
passage 25 1 in housing 22 1 travels through a 
cell 49 1 similar to cell 49 and enters the pas- 
sage 134. A detector 95 l , which is similar to 
detector 95, is mounted at the outer end of 125 
housing 132 to receive radiation traveling 
through passages 133, 134. 

In the modified form of the instrument, the 
radiation traveling along the analysis path A 1 
and the nulling path N 1 is chopped simul- 130 
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taneously and out of phase with the radiation 
traveling along the reference path R 1 by means 
of a chopper 54 1 , which is similar to chopper 
54 and driven by similar means. The instru- 

5 ment is provided with manually operated 
trimmers 92 l , which are similar to trimmers 
92 except for their location. Trimmers 92 1 in 
the analysis and reference paths are mounted 
between sample cell 124 and the sensitizing 

10 cell 37 l and the compensating cell 43% respec- 
tively. Trimmer 92 1 in the nulling path is 
mounted between cell 49 1 and the adjacent end 
of housing 132. The instrument is provided 
with a trimmer 117 1 for adjusting the amount 

15 of radiation in the nulling beam. 

In the modified form of the instrument, the 
sample cell 124 consists of a single part which 
lies in both analysis and reference paths. As a 
consequence, the radiation absorbed from the 

20 analysis and reference beams, because of the 
discoloration of the inner walls of the sample 
cell, is the same. 

In setting up the instrument shown in 
Figure 1 for the infrared analysis of a mixture 

25 containing the gas of interest and an interfer- 
ing component, the three chambers 97, 99, and 
100 within the housing 95 are filled with the 
gas of interest at a predetermined pressure, 
which gives maximum detector sensitivity. 

30 The cell 49 is filled with a non-interfering gas 
and preferably one, which is infrared non- 
absorbing, after which the nulling path N is 
blanked off by its trimmer 92. The passages 
within the housing 85 are either evacuated or 

35 filled with a non-absorbing gas through con- 
nection 90 and the connection is closed by 
valve 91. The cells 37 and 43 and the sample 
cell 72 are either evacuated or filled with a 
non-absorbing gas, as preferred. The source 

40 26 and chopper 54 are started in operation and 
radiation transmitted' along the analysis and 
reference paths alternately enters the detector. 
Such radiation causes outward movement ^ of 
the membranes 103 and corresponding 

45 changes Jin the capacity of the condensers. The 
detector, accordingly, produces phase-sensitive 
information in the form of capacity changes, 
which can be converted into voltage changes 
by appropriate means. In the preliminary 

50 adjustment of the instrument, the manual 
trimmer 92 in the reference path R is adjusted 
until the signal produced by the use of the 
information! supplied by the detector is 
reduced to zero, after which the trimmer is 

55 locked in position. The analysis path A and 
the reference path R now transmit equal 
amounts of energy from the source to the 
detector. 

The sensitizing cell 37 in the analysis path 
60 is next filled with the gas of interest, prefer- 
ably to atmospheric pressure, and, thereafter, 
the interfering component is introduced at a 
partial pressure into the compensating cell 43. 
The partial pressure of the interfering compo- 
6ft nent is determined by trial and is such that the 



instrument does not respond appreciably to 
changes in the concentration of the interfering 
component present in the mixture to be ana- 
lyzed. After the instrument has thus been 
sensitized and compensated, the trimmer 117 70 
in the nulling path is adjusted to place a given 
point, such as mid-scale, in the nulling path. 
A known sample, which may be the average 
composition of the mixture to be analyzed, is 
then introduced into the sample cell 72 and 75 
the manual trimmer 92 in the nulling path is 
adjusted until the detector produces a zero 
signal. At this stage, the instrument has been 
brought to a null condition for the standard 
sample and that sample is then removed. 80 

When a sample of the unknown mixture is 
introduced into sample cell 72, any variation 
in the amount of the gas of interest in the 
unknown from the amount of that gas present 
in the standard sample results in the produc- 85 
tion of a phase-sensitive signal. This signal 
can be reduced to zero by rotation of the trim- 
mer 117 in the nulling beam and the move- 
ment of the trimmer to increase or decrease 
the intensity of the nulling beam is a measure 90 
of the difference between the amount of the 
gas of interest in the unknown and the amount 
of that gas in the sample. 

In some cases, in which compensation of the 
instrument by introduction of the interfering 95 
component into the compensating cell 43 can- 
not be exactly achieved, some of the interfer- 
ing component may be introduced into the 
passages in housing 85 to act as a filter. The 
presence of the filter gas in the housing reduces 100 
the radiation intensity in the region, where 
there is an overlapping absorption by the gas 
of interest and the interfering component, and 
the presence of the filter gas thus reduces the 
unwanted signal. When such filtering is 105 
required,, the filter gas is introduced into 
housing 85 before the instrument is compen- 
sated. 

What we claim is : — 

1. An analyzer, which comprises a source of 110 
radiation, a detector responsive to radiation 
from the source;, means for denning paths for 
beams of radiation travelling from the source 

to the detector and undergoing absorption by 
gas during such travel, the beams being used 115 
for analysis and reference purposes, respec- 
tively, and the analysis beam being weaker 
tha-o the reference beam, means for defining a 
path for a nulling beam travelling from the 
source to the detector, and means for inter- 120 
rupting the beams periodically, characterized 
in that the analysis and nulling beams are 
interrupted simultaneously and out of phase 
with the reference beam. 

2. An analyzer, as denned in Claim 1 5 125 
characterized in that the paths have divergent 
portions adjacent the source, convergent por- 
tions adjacent the detector, and parallel por- 
tions between the divergent and convergent 
portions.. 130 
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3. An analyzer, as defined in Claim 1, 
characterized in that the interrupting means 
includes a rotary chopping disc and the axes 
of the analysis and nulling beams at the plane 

5 of the disc He on a line through the axis of 
rotation of the disc and on opposite sides of 
said axis of rotation. 

4. An analyzer, as defined in Claim 3, 
characterized in that "the disc is mounted for 

10 rotation on a support, which is movable to 
shift the axis of rotation of the disc along the 
line through the axes of the analysis and nul- 
ling beams. 

5. An analyzer, as denned in Claim 3, 
15 characterized in that the disc has diametrical 

solid quadrants separated by cut-outs. 

6. An analyzer, as denned in Claim 1, 
characterized in that the means for denning the 
reference and analysis paths includes a cell for 

20 holding a sample to be analyzed, and the cell 
is supported in a mounting movable to insert 
the cell into and remove it from the two paths. 

7. An analyzer, as defined m Claim 1, 
characterized in that the reference path 

25 includes a compensator cell adjacent the 
detector, the analysis path includes a sensitizer 
cell adjacent the source, and a sample cell lies 
in the reference and analysis paths at a place 
remote from the source. 

30 8. An analyzer, as defined in Claim 2j 
characterized in that the axes of the parallel 
portions of the analysis and nulling paths lie 
in a plane, and the axis of the parallel portion 
of the. reference path lies at one side of the 

35 plane and equidistant from said portions of 
the analysis and nulling paths. 

9. An analyzer, as defined in Claim 1, 
characterized in that the reference path includes 
a compensator cell, the analysis path 

40 includes a sensitizer cell, the reference and 
analysis paths have a sample cell in common, 
and all three paths have a common filter celL 

10. An analyzer, as denned in Claim 2, 
characterized in the provision of a block 

45 having an entrance opening in its outer face 
and three divergent passages leading from the 
opening to the inner face of the block, a 
second block spaced from the first and having 
at least two convergent passages leading from 

50 its inner face to an exit opening in its outer 
face, the source of radiation being mounted on 



the first block to emit radiation entering the 
entrance opening and the detector being 
mounted in the second block to receive radia- 
tion issuing through the exit opening, and 55 
cells being mounted between the blocks and 
cooperate with the passages to define paths for 
three beams of radiation travel ling from the 
source to the detector. 

11. An analyser, as defined in Claim 1, 60 
characterized in that the source comprises a 
metallic housing having a cavity with an 
entrance opening at the surface of the housing, 

a ring of ceramic material concentric with the 
cavity and mounted within the cavity at the 65 
open end thereof, an electrically conducting 
filament wi thin the ring, and a plurality of sup- 
porting elements imbedded in the ring and 
engaging the filament. 

12. An analyzer, as defined in Claim 11, in 70 
which the supporting elements of the source 
extend generally radially. 

13. An analyzer, as defined in Claim 11, 
characterized in that the surface of the cavity 
in the housing is highly polished, the filament 75 
is of spiral form, and leads from the ends of 
the filament extend outwardly from the cavity. 

14. An analyzer, as defined in Claim 1, in 
which the path for the nulling beam is circular 

in cross-section!, and means are provided for 80 
varying the intensity of the nulling beam, such 
intensity varying means including a flat annu- 
lar element of substantially greater diameter 
than the path and varying in width from a 
minttrmm to a maximum, the maximum width 85 
of the annulus being substantially less than the 
diameter of the path, and means for supporting 
the mvrmlflr element in a plane transverse to 
the path and with a portion of the element con- 
tinuously in the path, the element being sym- 90 
metrical in relation to a circle concentric with 
it and so disposed in relation to the path that 
said circle intersects a diameter of the path 
close to opposite ends of said diameter. 

Dated this 11th day of January, 1954. 
CRUIKSHANK & FAIRWEATHER, 
29, Southampton Buildings, Chancery Lane, 
London, W.C.2, 
and 

29, St- Vincent Place, Glasgow, 
Agents for the Applicants. 
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